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(57) ABSTRACT 

A deformation element having a single or multi-chamber 
hollow Section with a longitudinal axis to accommodate 
energy of impact acting in the direction of the longitudinal 
axis of the Section. The deformation element contains outer 
Section walls that form inner and Outer Section wall faces. 
The outer section walls are divided into section wall end 
lengths and lengths and Section wall intermediate lengths, 
whereby the abutting Section wall end lengths of a pair of 
outer Section walls form corner regions with corners. The 
wall thicknesses of the Section wall end lengths are greater 
than the wall thickness of the Section wall lengths neigh 
bouring the Section wall end lengths, with the result that a 
thickening of the Section wall is provided in the corner 
region. 
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ENERGYABSORBING DEFORMATION ELEMENT 
FOR WEHICLES 

0001. The present invention relates to a deformation 
element comprising a single or multi-chamber hollow Sec 
tion with a longitudinal Section axis to accommodate energy 
of impact acting in the direction of the longitudinal axis of 
the Section, containing outer Section walls that form inner 
and Outer Section wall faces with Section end lengths and 
corner regions forming corners, whereby the corner regions 
are formed by two abutting Section wall end lengths. Further, 
the invention relates to the use of Such deformation ele 
mentS. 

0002 Tube-shaped or hollow section-like deformation 
elements to accommodate the energy of impact acting on the 
end of the deformation elements are known in general. The 
absorption of the energy of impact takes place by uniform 
folding of the Section walls as the deformation element is 
crushed. 

0003) Document CH 691 731 describes e.g. a vehicle 
with a bumper which is attached to longitudinal beams of the 
vehicle via deformation elements. The deformation elements 
are made up of multi-chamber hollow Sections with at least 
one inner Strut running in the longitudinal direction. A 
fraction of the energy of impact is absorbed by bellow-like 
folding when the deformation element is crushed in the 
longitudinal direction. 
0004 Deformation elements or energy absorbing struc 
tures should exhibit the highest possible Specific absorption 
of energy, i.e. as much energy as possible per unit mass 
should be absorbed. Only this way is it possible to meet at 
the same time the requirements for the lightest and Safest 
vehicles i.e. Such fitted with energy absorbing Structures. 
0005 The object of the present invention is therefore to 
propose a deformation element of the kind described at the 
beginning, which exhibits higher Specific energy absorption 
than conventional deformation elements of the same kind. 
The deformation element should absorb the prevailing 
energy of impact by forming a bellows-like folding Struc 
ture. 

0006 That objective is achieved by way of the invention 
in that the wall thickness of a Section wall end length in at 
least one corner region, is thicker at least over a longitudinal 
Section length, measured in the longitudinal direction of the 
Section, than the wall thickness of the Section wall length 
neighbouring the Section wall end length, with the result that 
there is a thickening of the Section wall in the corner region, 
whereby, in comparison to a deformation element with 
uniform wall thickness but of the same shape and overall 
mass, higher specific energy absorption is achieved. 

0007. The outer lying section wall face is the outer facing 
Section wall face of the Outer Section wall and the inner lying 
Section wall face is the inner facing Section wall face of the 
outer Section wall. 

0008. The wall thickness is preferably measured orthogo 
nal to a related Section wall middle area. The Section wall 
middle area is the area running in the middle between the 
two Section wall faces. 

0009. In a preferred version of the invention the wall 
thickness of the Section wall end length in at least one corner 
region, preferably all corner regions, is greater than the wall 
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thickness of the Section wall length neighbouring the Section 
wall end lengths. Further, the wall thickness of the section 
wall end length or lengths is preferably greater over the 
whole length of the deformation element than the wall 
thickness of the Section wall length neighbouring the cor 
responding Section wall end length. 

0010. The wall thickness of the section wall end length 
may increase Stepwise or continuously towards the corner. 
Further, the wall thickness between the section wall end 
length and the neighbouring Section wall length may 
increase Suddenly. The maximum wall thickness of the 
Section wall end length is e.g. at least 5%, preferably at least 
15% and in particular at least 20% greater than the minimum 
wall thickness of the Section wall length neighbouring the 
Section wall end length. Further, the maximum wall thick 
neSS of the Section wall end length is preferably at most 
200%, in particular at most 150% and advantageously at 
most 100% greater than the minimum wall thickness of the 
Section wall length neighbouring the Section wall end length. 
0011. The average wall thickness of the section wall end 
length is e.g. at least 5%, preferably at least 15% and in 
particular at least 20%, and at most 200%, preferably at most 
100%, and in particular at most 60% greater than the average 
wall thickness of the Section wall length neighbour-ing the 
Section wall end length. 
0012. The wall thickness of the section wall length neigh 
bouring the Section wall end length may be variable or, 
preferably, uniform. 

0013 The outer and/or inner lying section wall faces may 
be flat or curved. In a preferred version the outer lying 
Section wall faces are flat whereby, the inner lying Section 
wall face in the Section wall end lengths exhibits a slope 
which increases the wall thickness measured relative to the 
outer lying Section wall face. 
0014. The deformation element may be polygonal in 
croSS-Section, for example triangular, four-sided or Six 
sided. The deformation element is preferably box-shaped. 
The deformation element may be a single or multi-chamber 
hollow Section with one, two, three, four or more chambers. 

0015 For example in the case of sections that are rect 
angular or box-shaped in cross-section, the Section wall end 
lengths in the corner regions meet at an angle of 85-95 
(degrees of angle) and, in the case of a hexagonal cross 
section, at an angle of 115-125. 
0016 Between two section wall end lengths of an outer 
Section wall are preferably Section wall intermediate lengths, 
whereby the Section wall intermediate lengths correspond to 
the Section wall lengths neighbouring the Section wall end 
lengths. 

0017. The length of the section wall end length of a 
corner region corresponds e.g. to at least 5%, preferably at 
least 10%, in particular at least 15%, advantageously at least 
20%, and at most 45%, preferably at most 35%, in particular 
at most 25% of the length of the related outer section wall. 
0018. In a further version of the invention the deforma 
tion element is a multi-chamber hollow Section with one or 
more inner Section walls with Section wall end lengths 
forming nodal regions. The inner Section inner walls may 
run orthogonal and/or in the middle and parallel to the outer 
Section walls and divide the hollow Section into Several, in 
particular two or four chambers. The inner Section walls may 
e.g. also run diagonal and join up opposite lying corners. 
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0019. The nodal regions are formed by at least two 
Section wall end lengths of the inner Section walls that meet 
at an angle, or by at least two Section wall end lengths of an 
inner and outer Section wall that meet at an angle. 
0020. The corner regions of the multi-chamber hollow 
Section can be shaped as above described. 
0021. The wall thickness of at least one, preferably all 
Section wall end lengths of at least one, preferably all nodal 
regions is greater than the wall thickness of the Section wall 
length neighbouring the Section wall end length. 
0022. The wall thickness of the section wall end length 
may increase Stepwise towards the node and, preferably, in 
a continuous manner. The maximum wall thickness of the 
Section wall end length in a nodal region is at least 5%, 
preferably at least 15%, in particular at least 20% and at 
most 200%, preferably at most 150%, in particular at most 
100% greater than the minimum wall thickness of the 
Section wall length neighbouring the Section wall end length. 
0023 The average wall thickness of the section wall end 
length in a nodal region is at least 5%, preferably at least 
15%, in particular at least 20%, and at most 200%, prefer 
ably at most 100%, in particular at most 60% greater than the 
average wall thickness of the Section wall length neighbour 
ing the Section wall end length. 
0024. The wall thickness of the section wall length neigh 
bouring the Section wall end length in a nodal region is 
preferably uniform. 
0.025 Situated between two section wall end lengths of 
an inner Section wall is in each case preferably a Section wall 
intermediate length, whereby the Section wall intermediate 
length corresponds to a Section wall length neighbouring the 
Section wall end length. 
0026. In a modified form of the invention it is possible 
also to have multi-chamber hollow sections in which only 
the corner regions and/or only the nodal regions feature a 
thickening of the walls in the Section wall end lengths 
according to the invention. 
0027. In a preferred version of the invention the average 
or maximum wall thickness of the Section wall end lengths 
in the nodal regions inside the Section are Smaller than the 
average or maximum wall thickness of the Section wall end 
lengths in the corner regions. The average or maximum wall 
thickness of the Section wall end lengths of the nodal regions 
lying on the outer Section walls are preferably Smaller than 
the average or maximum wall thickness of the Section wall 
end lengths in the corner regions and preferably greater than 
the average or maximum wall thickness of the Section wall 
end lengths in the nodal regions lying inside the Section. 
0028 Expressed differently, in a preferred version the 
nodal regions lying inside the Section exhibit Smaller thick 
ening of the wall than the nodal regions lying on the Section 
walls and the latter exhibit smaller thickening of the walls 
than the corner regions of the Section. This way it is possible 
to prevent the inner regions of the Section being excessively 
reinforced or Stiffened and as a result the tendency for 
folding is increased. Further, by means of the above mea 
Sures, the exploitation of the deformation element is opti 
mised i.e. the distance of deformation is by comparison 
longer. 

0029. The wall thickness of the outer and/or inner section 
walls, in particular in the Section wall end lengths, may be 
constant or variable at the corresponding cross-sections over 
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the length of the section. In a suitable version of the 
invention the wall thickness in the end region of the Section 
i.e. in the front Section end length where impact occurs, 
uniform in croSS-Section over the whole outer and/or inner 
Section wall from corner to corner and in the nodal regions 
i.e. according to the State of the art. In the longitudinal 
Section length following Section end length there are, in the 
corner regions and/or nodal regions, Section wall end lengths 
designed according to the invention, whereby the wall 
thicknesses in the Section wall end lengths may exhibit a 
Stepwise or continuous increase in the longitudinal direction 
of the Section at the corresponding cross-sectional places. 
0030. As an increase in the wall thickness in the corner or 
nodal regions leads to higher peak loads, the design of 
deformation element according to the invention just 
described exhibits a reduced initial peak load. However, it is 
also possible to provide other means Such as e.g. dents in the 
outer Section walls in order to reduce the initial peak load. 
0031. The length ratio of section wall end length to outer 
section wall in multi-chamber hollow sections preferably 
refers to outer Section wall lengths measured from corner 
region to nodal region. 
0032. The deformation element according to the inven 
tion may be of plastic e.g. fibre-reinforced plastic, or of 
metal, preferably of a light metal. The deformation element 
is in particular made preferably of aluminium or an alu 
minium alloy. The deformation element according to the 
invention made of metal may be manufactured out of sheet 
elements. In a preferred form, however, the deformation 
element is an extruded Section. 

0033. Deformation elements according to the invention 
find application as energy absorbing structures in vehicles, 
in particular in road and railway vehicles, Such as private 
cars, lorries, buSSes, trams or city and inter-city trains. The 
deformation elements according to the invention find appli 
cation in particular in the front region of the above men 
tioned vehicles. Further, the Said deformation elements may 
also fine application in the rear areas or if desired also in Side 
areas of the above mentioned vehicles. 

0034. The above mentioned deformation elements may 
e.g. be integral components of the framework in particular of 
vehicle longitudinal beams. The mentioned deformation 
elements may also be attached to the framework of the 
vehicle. They may e.g. be connecting elements between the 
bumper and he vehicle frame or longitudinal beams. The 
deformation elements may e.g. be arranged in the front 
and/or rear regions of vehicles, whereby these are preferably 
arranged Such that the Section longitudinal axis is parallel to 
the longitudinal axis of the vehicle. 
0035. The deformation elements according to the inven 
tion is based on the fact that in its corner and nodal regions 
higher energy absorption takes place by the folding process 
than in the Section wall lengths between the corner and nodal 
regions. This knowledge was implemented in Such a manner 
that-in comparison with State of the art deformation ele 
ments which are comparable in mass, dimension and 
shape-more mass is arranged in the corner regions and/or 
less mass in the Section wall regions between the corner 
regions. 
0036). In this way it is possible, by redistributing the mass 
from the Section walls to the corner and nodal regions, with 
the same Overall mass higher specific absorption of energy 
can be achieved, So that with the deformation element 
according to the invention e.g. a 10-30% higher specific 
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absorption of energy can be achieved than with a deforma 
tion element according to the State of the art which is 
comparable in dimension and shape. 
0037. In the following the invention is described in 
greater detail by way of example and with reference to the 
accompanying drawings. These are: 
0.038 FIG. 1: cross section of a deformation element 
according to the State of the art; 
0.039 FIG. 2: cross-section of a deformation element 
according to the invention; 
0040 FIG. 3: cross-section of a further deformation 
element according to the invention; 
0041 FIG. 4: side view of a folded deformation element 
as in FIG. 3; 

0.042 FIG. 5: perspective view of a deformation element 
according to the invention as in FIG. 2; 
0.043 FIGS. 6a-f: cross-section through a corner region 
of further deformation elements according to the invention; 
0044 FIG. 6g: cross-section through a further deforma 
tion element according to the invention. 
004.5 The deformation element 61 according to the state 
of the art shown in FIG. 1 is a single chamber hollow section 
with outer section walls 64a, b and corners 63a-d. Each of 
the outer Section walls 64a, b exhibits, from corner to corner, 
a uniform wall thickness 68a, b measured orthogonal to the 
corresponding Section wall middle 71a,b. 
0.046 For reasons of clarity, not all redundant features in 
FIG. 1 are indicated by letters or numbers. 
0047 The deformation element 1 according to the inven 
tion shown in FIG. 2 is a single chamber hollow section. 
The deformation element 1 contains outer section walls 4a,b 
with outer lying 10 and inner 9 lying section wall faces. The 
outer Section walls 4a, b are divided into Section wall end 
lengths 5a, b and Section wall intermed-iate lengths 6a,b. 
Further, the deformation element features corner regions 
2a-d which are formed in each case by two Section wall end 
lengths 5a, b that meet orthogonal and form cornerS 3a-d. In 
each case there is a Section wall intermediate length 6a,b 
Situated between two Section wall end lengths of a Section 
wall 4a,b. The section wall end lengths 5a,b have a wall 
thickness 8b, d which is greater than the wall thickness 8a, c 
of the neighbouring Section wall intermediate lengths 6a,b, 
whereby the later wall thicknesses 8a,c are uniform over the 
whole length. The wall thickness 8b, d of the section wall end 
lengths 5a,b increases continuously from the bordering 
Section wall intermediate lengths 6a,b to the cornerS 3a, d. 
The wall thicknesses 8a, d are thereby measured orthogonal 
to the corresponding Section wall middle 11a,b. 
0.048 For reasons of clarity, not all redundant features in 
FIG. 2 are indicated by letters or numbers. 
0049. The deformation element 21 shown in FIG. 3 is a 
multi-chamber hollow section. The deformation element 21 
contains outer section walls 34a, b with outer lying 40 and 
inner lying 39 section wall faces. The outer section walls 
34a, b are divided into section wall end lengths 32a, b 33a, b 
and Section wall intermediate lengths forming corner regions 
29a-d and nodal regions 23b-e respectively. The corner 
regions 29a-d are formed in each case by two Section wall 
end lengths 32a,b which meet at right angles and form 
corners. Further, the corner regions 29a-d are shaped analo 
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gous to the corner regions 2a-d in FIG. 2. Reference should 
be made to the relevant description. 
0050. The multi-chamber hollow section 21 contains two 
inner Section walls 24a,b which croSS each other forming a 
central nodal region 22a which, in cross-section, divides the 
Space inside the Section into four Section chambers. The 
inner section walls 24a, b are divided into section wall end 
lengths 25a, b and Section wall intermediate lengths 26a,b. 
The section wall end lengths 25a,b of the inner section walls 
24a,b form a central nodal region 22a with one node 23a. 
0051) Where the section wall end lengths. 27a,b of the 
inner section walls 24a,b meet the outer section walls 34a,b 
they form outer nodal regions 22b-e with nodes 23b-e. 
Situated between the two section wall end lengths. 27a, b and 
25a,b i.e. between the central 22a and the outer nodal 
regions 22b-e are Section wall intermediate lengths 26a,b. 
Situated between the section wall end lengths 32a, b of the 
corner regions and the Section wall end lengths 33a, b of the 
neighbouring Outer nodal regions 22b-e are Section wall 
intermediate lengths 30a, b. 
0052 The thickness of section wall end lengths 25a,b; 
27a,b; 33a, b of the inner 22a and the outer nodal regions 
22b-e and the corner regions 29a-d increase continuously 
towards the nodes 23a-e and the corners 29a-d, whereby the 
Said wall thickness 28a, d is greater than the wall thickness 
28b,c of the neighbouring Section wall intermediate lengths 
30a, b, 26a,b. 
0053) The wall thickness 28b,c of the section wall inter 
mediate length 30a, b, 26a,b is uniform. The wall thicknesses 
28a-dare thereby measured orthogonal to the related Section 
wall middle 35a, b, 31a,b. 
0054 For reasons of clarity, not all redundant features in 
FIG. 3 are denoted by letters or numbers. 
0055 FIG. 4 shows a multi-chamber section 41 accord 
ing to FIG. 3 in the bellows-like, completely crushed state. 
The multi-chamber section 41 is characterised by the uni 
form shape of the folds 42. The ratio of the distance of 
deformation to the overall length of the deformation element 
determines the So-called degree of exploitation. 
0056 FIG. 5 shows a perspective view of the deforma 
tion element 51 in FIG. 2 with its longitudinal section axis 
52. Also shown is a longitudinal section length 53 and the 
section end length 54 at the end. 
0057 The examples in FIGS. 6a-fshow further versions 
in shape of the corner regions 80, 81, 82, 83, 84, 85 and the 
related Section wall end lengths of deformation elements 
with the related Section middle planes according to the 
invention. In the examples according to FIGS. 6a and 6c the 
corner region exhibits a broadening of the Section wall end 
length in its inner lying wall, this in Such a manner that 
instead of a Single corner grooving, there are two groovings 
91a,b; 92a, b a distance from each other. 
0.058 FIG. 6g shows a deformation element 86 with side 
walls bulging inwards. The said deformation element 86 is 
shaped into a dimensionally accurate, box-shaped end Sec 
tion by Subsequent high preSSure forming by applying 
preSSure from the inside. 

1-12 (Canceled). 
13. A deformation element comprising a hollow Section 

with a longitudinal Section axis to accommodate impact 
energy acting in a direction of the longitudinal axis of the 
Section by compressing the deformation element in a lon 
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gitudinal direction, the hollow Section having Outer Section 
walls that form inner and outer Section wall faces, the 
Section walls having Section end lengths and corner regions 
forming corners, the corner regions being formed by two 
abutting Section wall end lengths, the Section wall end length 
in at least one corner region having a wall thickness that is 
thicker, than a wall thickness of a Section wall length 
neighbouring the Section wall end length So that there is a 
thickening of the Section wall in the corner region, the corner 
region with the thicker wall thickness extending at least over 
a longitudinal Section length measured in the longitudinal 
direction of the Section, whereby, in comparison to a defor 
mation element with uniform wall thickness but of an equal 
shape and Overall mass, higher Specific energy absorption is 
achieved, the Section wall end length of a corner region 
having a length that corresponds to at least 5% and at most 
45% of a length of a related section wall. 

14. (Canceled) 
15. A deformation element according to claim 13, wherein 

the wall thickness of the section wall end lengths in all 
corner regions is greater than the wall thickness of the 
Section wall length neighbouring the Section wall end length. 

16. A deformation element according to claim 13, wherein 
toe wall thickness of the Section wall end lengths at least in 
one of the comet regions, over an entire length of the 
deformation element measured in the longitudinal direction 
of the Section, is greater than the wall thickness of the 
Section wall length neighbouring the Section wall end length. 

17. A deformation element according to claim 13, wherein 
the corner region at least over a longitudinal Section length 
measured in the longitudinal direction exhibits a broadening 
of the Section wall end lengths while forming a pair of 
groovings. 

18. A deformation element according to claim 13, wherein 
the wall thickness of the Section wall end lengths increases 
continuously towards the corner. 

19. A deformation element according to claim 13, wherein 
the Section wall end length has maximum wall thickness that 
is at least 5%, and at most 200%, greater than a minimum 
wall thickness of the Section wall length neighbouring the 
Section wall end length. 

20. A deformation element according to claim 19, wherein 
the maximum wall thickness of the Section wall end length 
is at least 15% greater than the minimum wall thickness of 
the Section wall length neighbouring the Section wall end 
length. 

21. A deformation element according to claim 20, wherein 
the maximum wall thickness of the Section wall end length 
is at least 20% greater than the minimum wall thickness of 
the Section wall length neighbouring the Section wall end 
length. 

22. A deformation element according to claim 19, wherein 
the maximum wall thickness of the Section wall end length 
is at most 150% greater than the minimum wall thickness of 
the Section wall length neighbouring the Section wall end 
length. 

23. A deformation element according to claim 22, wherein 
the maximum wall thickness of the Section wall end length 
is at most 100% greater than the minimum wall thickness of 
Section wall length neighbouring the Section wall end length. 

24. A deformation element according to claim 13, wherein 
the Section wall end length has an average wall thickneSS 
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that is at least 5%, and at most 200%, greater than an average 
wall thickness of the Section wall length neighbouring the 
Section wall end length. 

25. A deformation element according to claim 24, wherein 
the average wall thickness of the Section wall end length is 
at least 15% greater than the average wall thickness of the 
Section wall length neighbouring the Section wall end length. 

26. A deformation element according to claim 25, wherein 
the average thickness of the Section wall end length is at 
least 20% greater than the average wall thickness of the 
Section wall length neighbouring the Section wall end length. 

27. A deformation element according to claim 24, wherein 
the average wall thickness of the Section wall end length is 
at most 100% greater than the average wall thickness of the 
Section wall length neighbouring the Section wall end length. 

28. A deformation element according to claim 27, wherein 
the average wall thickness of the Section wall end length is 
at most 60% greater than the average wall thickness of the 
Section wall length neighbouring the Section wall end length. 

29. A deformation element according to claim 13, wherein 
the wall thickness of the Section wall length neighbouring 
the Section wall end length is uniform. 

30. A deformation element according to claim 13, the 
outer Section wall face is flat and the inner Section wall face 
in the Section wall end lengths exhibits a slope which, 
measured relative to the outer Section wall face, increases 
the wall thickness. 

31. A deformation element according to claim 13, wherein 
the hollow Section is box-shaped, the Section wall length 
being an intermediate length provided between the two 
Section wall end lengths of an Outer Section wall, whereby 
the Section wall intermediate length corresponds with a 
Section wall length neighbouring the Section wall end length. 

32. (Canceled) 
33. A deformation element according to claim 13, wherein 

the Section wall end length of a corner region has a length 
that corresponds to at least 10% of the length of the related 
Section wall. 

34. A deformation element according to claim 33, wherein 
the Section wall end length has a length that corresponds to 
at least 15% of the length of the related section wall. 

35. A deformation element according to claim 13, wherein 
the Section wall end length has a length that corresponds to 
at most 35% of the length of the related section wall. 

36. A deformation element according to claim 35, wherein 
the length of the Section wall end length corresponds to at 
most 25% of the length of the related section wall. 

37. A deformation element according to claim 13, wherein 
the hollow section is a multi-chamber hollow section with at 
least one inner Section wall forming nodal regions, whereby 
the nodal regions are formed by at least two Section wall end 
lengths of at least one of outer and inner Section walls 
abutting at an angle and, in the Section wall end lengths, the 
deformation element exhibits a greater wall thickness than in 
the Section wall length neighbouring the Section wall end 
length. 

38. A deformation element according to claim 13, wherein 
the hollow section is it multi-chamber hollow section. 

39. A deformation element according to claim 13, wherein 
the hollow Section is at Single chamber hollow Section. 

k k k k k 


